In a previous X-ray crystallographic study of crystals of Pt(bpy)(CN)i (bpy = 2,2'-bipyridine) the planar molec~les were reported to be exactly eclipsed, stacked directly on top of one another with a spacing of 3. 33 A s? as to form _a linear Pt·· ·Pt·· ·Pt chain. A reinvestigation shows this structure to be incorrect. The presence of weak intermediate layer lines indicates that the repeat distance a!ong the stacking direction is 6.66 A rather than 3.33 A. Successive molecules within the stack are rotated by 180° and the resulting Pt-atom chain is slightly zigzag with a Pt· ··Pt· · ·Pt angle of 168.6 (1)
Introduction
Sta~king of square-planar platinum(II) complexes in the sohd state to form ~pproximately linear chains of closely spaced ( < 3.5 A) Pt atoms is a well known phenomenon and leads to highly anisotropic physical and spectroscopic properties (Miller, 1982) . Although there are many examples of such materials, we have found few structural reports of platinum(II) diimine compounds forming such chains [Osborn & Rogers, 1974; Che, He, Poon & Mak, 1989; Coyer, Herber & Cohen, 1990 , 1991 (see Marsh, 1994 ; Biedermann, Gliemann, Klement, Range & Zabel, 1990] . In all but one of these reported structures, successive platinum diimine molecules are rotated by 180° about the chain axis, so that eclipsing of the ligands is avoided and the Pt·. ·Pt·. ·Pt chain is slightly zigzag. The exception to this pattern ~as (bipyridyl-N,N'?dicyanoplatinum(II) (and its pallad1~m analogue), which was reported to crystallize with adJ~cent molecules exactly eclipsed (Che et al., 1989 ). This structure was described in the polar orthorhombic space $roup Cm2m (no. 38) with a very short c axis (3.33 A) and it occurred to us that a doubling of this axis could well lead to the more usual staggered arrangement of stacked complexes along the chain· axis. The doubling could occur if systematically weak reflections with l odd had been overlooked in the original investigation: we tContribution No. 9163.
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Printed in Great Britain -all rights reserved imagined a structure, perhaps in space group Cmcm [as found by Osborn & Rogers, 1974 , for the dichlorobipyridyl compound and by Coyer et al., 1991 (see also Ma~sh, 1994 , for the bis-isocyanato-4,4'-dimethylbipyndyl compound] with successive Pt atoms approximately but not exactly superposed. We report here a re-investigation of the structure, which confirms our suspicions.
This re-investigation also serves as an interesting case study. Although accidental halving of a unit cell will typically, lead to the conclusion that the structure i~ ?isordere~ •. in the present case no disorder was apparent m the ongmal Cm2m structure. This result illustrates that, in certain instances, suspicious disorder arising from halv~g a unit cell may be eliminated by refine~ent m a non-centrosymmetric space group. The resultmg model may appear crystallographically reasonable, but is grossly incorrect.
Experimental
Pt(bpy)(CN) 2 was prepared according to the published p~otoco! (Chf'. ~t al., 1989) . Crystals suitable for X-ray· diffraction studies were grown by slow cooling of a hot solution of dimethylformamide. Preliminary oscillation photographs about the c axis clearly showed weak, oddorder layer lines, confirming that this cell edge must be twice that reported previously (Che et al., 1989) ; see Table 1 . Data were then collected using an EnrafNonius CAD-4 diffractometer (MoKa radiation). The unit-cell dimensions were obtained from the setting angles of 25 reflections (11 < () < 13°); intensities were measured for two separate octants ( +h, ±k, +l).
Systematic absences Che et al. (1989) This work Che et al. (1989) Biedermann et al. ( 1990) . These Pt-N distances in complexes with trans rr-acceptor ligands are understandably longer than those found in related compounds with trans rr-donor ligands, such as the red and yellow forms of Pt(bpy)Cl 2 [2.001 (6) and 2.01 (11) A.]; Osborn & Rogers, 1974; Herber, Croft, Coyer, Bilash & Sahiner, 1994] and Pt(bpy)I 2 [2.020 (7) A; Connick & Gray, 1994] . The crystal packing is illustrated in Fig 
1-. where n and pare the numbers of observations and parameters. respectively. responsible for the relatively weak intens1t1es of reflections with I odd -the reflections that were overlooked in the earlier work of Che et al. ( 1989) .] In the red form of Pt(bpy)Cl 2 , which is isostructural with the 
The earlier Cm2m structure
The structure of this compound, which was reported earlier by Che et al. (1989) , was based on a unit cell half as large; reflections with l odd, which are systematically weak because of the almost linear arrangement of Pt atoms, were apparently overlooked during the diffractometer search for orienting reflections. Such events have surely occurred before (Asker, Hitchcock, Moulding & Seddon, 1990 ; see also Marsh, 1995) . The usual result is that the incorrect structure, based on too small a cell, is disordered; in effect, the two molecules in each stack shown in Fig. 2 must be superposed in order to create the appearance of a smaller cell. In the present case, however, the structure reported by Che et al. ( 1989) seemed to show no such disorder; the only hint of possible trouble was a somewhat large and elongated (along b) Uij ellipsoid for the Pt atom and, perhaps, some slightly peculiar bond lengths and angles. Why was there no apparent disorder? The answer is that Che et al. (1989) chose to describe the structure in a non-centrosymmetric space group, Cm2m. (It was actually cast in a different setting, C2mm; both are conventionally described as Amm2, no. 38.) As a result, an 'imaginary' out-of-phase component -a B term when the Pt atom is positioned at y = 0, as chosen by Che et al. ( 1989) -was introduced into each of the Fe values; this B term is due, almost entirely, to contributions from the lighter atoms and hence is relatively small. Since the Pt atoms lie very close to the origin of the cell, the 'real' terms, Ac, are almost invariably large; accordingly, the relatively small Bc terms have little influence on the resulting values of IFcl· However, these B terms can reflect appreciable asymmetry in the apparent arrangement of the lighter atoms; in effect, they resolve the centrosymmetric superposition of two molecules (Fig. 2) into a single polar molecule.
To further understand the situation we have carried out refinements in the space group selected by Che et al. (1989) , Cm2m and also in its centrosymmetric analogue Cmmm, based on the sub-cell data containing only l even reflections. Thus, we deleted from our data set all reflections with l odd and halved the l values of the remaining reflections. There resulted 1450 reflections for refinement in Cm2m (the averaging of intensities was according to point group m2m) and 762 for Cmmm (point group mmm). For completeness, we repeated the Cm2m refinement with the sign of f" for Pt reversed, although, in principle, this should have no effect on the outcome. A summary of the results of these refinements is given in Table 5 , together with the Cmcm results (based on the complete data set, as in Table 2 ). A drawing of the structure obtained in Cm2m is shown in Fig. l(b) .
What can be made of these results? First, in terms of the final agreement indices R and the goodness-of-fit, there is not a large disparity between the three space groups for this selection of reflections. (Of course, if the l odd reflections had been included for the Cmmm and Cm2m models, with F/s of 0.0 for all such reflections, the distinction would have been obvious.) Nor is there a clear choice between Cm2m and Cmmm, the latter showiim a slightly better R due to the averaging of hkl and hkl, but a slightly worse GOF because of the increased weights. The close similarity of these latter two refinement results clearly demonstrates the small effect of the out-of-phase terms Bc and emphasizes the common difficulty of distinguishing between a disordered centrosymmetric structure and an ordered noncentrosymmetric one (see, e.g., Marsh, 1986) .
As a further illustration of the difference between the models, we show in Fig. 3 electron-density projections of the structure onto [001], calculated with the F(hk0) 0 values phased according to the final Cmmm model (Fig.  3a) and to the final Cm2m model (Fig. 3b) . The Cmmm map clearly shows, as expected, the superposition of two disordered molecules related by the additional mirror plane passing through the Pt centre. (Except for a factor of 2, this map is identical to that obtained from the complete correct model in Cmcm, since only the hkO reflections are involved.) In contrast, the Cm2m map shows no evidence of disorder and only a single molecule in one orientation. Thus, the antisymmetric components Bc, while not large enough to appreciably affect the magnitudes of Fe, have effectively shifted the entire electron density from one apparent atom site x, -y, z to the other true site x, y, z. completely destroying the mirror plane and creating a seemingly reasonable, ordered molecule (Fig. 3b) . Some evidence for the disorder persists in the elongation, along y, of the electron density associated with the Pt atom; however, the elongation is small (due to the near coincidence of the two superposed Pt atoms) and can be accommodated by an increase in the U 22 term for Pt; see Fig. 1 .
Conclusions
So we have here an example in which not only was the unit cell incorrectly assigned (since the weak, odd-order reflections along c were overlooked) but, in addition, the structure was incorrectly presumed to be polar when in fact it is centrosymmetric. What were the effects on the resulting structure? In terms of the molecular (a) (b) Fig. 3 . Electron-density projection maps along the c axis for the structure described in space groups: (a) Cmmm with contour levels at 2.4, 3.2, 4.0, 50 and lOOeA-2 (identical to Cmcm, except for a factor of2; see text); (b) Cm2m with contour levels at 4.0, 5.6, 7.2, 50 and lOOeA-2 • structure -that is, the shape and dimensions of an individual molecule -they were only moderately serious: atom connectivity was correct (although, certainly, much of that was assumed a priori) and bond lengths and angles were not unreasonable. The most serious errors were in the bond lengths involving the Pt atom: Pt-N was reported as 2.00 (1) A in the earlier work (Che et al., 1989) whereas we find 2.059 (5) A, and Pt-C ~as reported as 2.01 (2) A whereas we find 1. 949 (7) A. It is surely no coincidence that these two bonds were found to be essentially equal in the earlier work, since the N and C atoms are almost exactly superposed in the disordered structure that results when the odd layer lines are ignored (the Cmmm structure discussed earlier; see Fig. 2 ). In terms of the entire crystal structure, however, the earlier results were seriously in error, alternating molecules having been rotated by 180° (or reflected across a mirror plane) relative to their correct position. Thus, whereas the earlier structure featured an exact eclipsing of successive molecules with a linear Pt·· ·Pt·· ·Pt chain and, surprisingly, overlap of the ligands, the revised structure shows a slightly zigzag chain and alternating stacking of ligands along the chain. The Pt·· ·Pt distance is slightly increased, from 3.3296 (4) (the length of the c axis in the earlier work) to 3.3461 (5) A. These features of the structure -the nature of the interactions along the chain of stacked molecules -are of the greatest interest in. attempts to understand the properties of materials of this type.
These days when the derivation of the unit cell usually depends on an automated diffractometer search for relatively strong reflections, one should be continually concerned that weak layer lines might have been overlooked. In most cases such weak layer lines evidence a superstructure based on only slight perturbations from an average sub-structure; the sub-structure that results from ignoring the weak layer lines may be entirely reasonable except for some enlarged displacement ellipsoids. In the present case -where a very heavy atom (Pt) is involved -the consequences were far more serious. At the very least, diffractometers should be programmed so as to routinely search for significant intensity at intermediate reciprocal lattice points. However, a far more sensible procedure would be to routinely prepare diffraction photographs so that the entirety of reciprocal space can be examined for subcell reflections; the use of area detectors for data acquisition may also be an effective counter-measure. In the current case, and presumably in that of the Pd analogue as well, these additional reflections indicate that very important changes to the sub-structure need to be made. This result underscores a recurrent theme in scientific research: while automation and computation have greatly reduced the time and effort involved in producing results, they have not eliminated the need for STRUCTURE OF Pt(bpy)(CN)i judgement, care and thought in conducting an experiment.
